This study aims to fabricate experimental flowable composites (FCs), by incorporating spherical nanohybrid silica as the filler and subsequently to evaluate their physical and mechanical properties in comparison to a commercial counterpart (Revolution Formula 2). The nanohybrid silica used in this study was synthesised from rice husk using sol-gel method and the dilution effect of Bis-GMA on the physical and mechanical properties of the experimental FCs was also investigated. Three experimental FCs (EF50B, EF45B and EF40B) were prepared by diluting the base monomer namely Bis-GMA to obtain the desired flowability. Surface roughness, surface morphology, Vickers hardness, compressive strength and compressive modulus of each group were determined. The data were statistically analysed using one-way ANOVA followed by Scheffe post hoc test. The surface roughness and Vickers hardness of the experimental FCs were comparable to Revolution Formula 2. Even though experimental FCs were inferior in compressive strength compared to Revolution Formula 2, they had passed the minimum requirement for compressive strength. The compressive modulus of experimental FCs was higher than Revolution Formula 2, but no statistically significant difference was detected except for EF50B. The dilution of the base monomer among the experimental FCs had no significant effect on their physical and mechanical strength.
Introduction
Flowable composite (FC) is a type of tooth-coloured restoration material with a lesser viscosity compared to other types of resin composites. The increasing interest in FC is due to its flow properties whereby it can flow into small cavities, irregularities and defects of the tooth. This criterion gives FC better handling ability, high wettability [1], good adaptation to tooth cavity [2] and low microleakage [3] . Generally, FC consists of three main components which are the monomer, filler and coupling agent [4] . Fillers that are typically incorporated in commercial FC or any other types of resin composites are silica, silicate glass (borosilicate glass, barium or lithium aluminium silicate), quartz, strontium, barium, zinc or zirconia [1] . None of these fillers are derived from bio-based materials. For example, silica and silicate glass are synthesised from chemical precursors while barium and zinc are grinded from mineral. Many researches on FC are mostly focused on improving the physical and mechanical strength of commercial FC by adding filler that are not bio-based material such as titanium dioxide nanotubes, glass fibre, zinc oxide nanoparticle and silver doped bioactive glass [5] [6] [7] [8] . In this present study, silica from rice husk has been used to fabricate FC.
Rice husk is an agricultural biowaste that can be a good alternative source of silica [9, 10] . The silica demonstrates great potential in a wide range of applications such as absorbent, coating, pigment, cement, insulator and semiconductor [11] . Bio-based materials have the advantages of being sustainable, renewable and eco-friendly that have minimal impact on the ecosystem. While many researches had been done to produce silica from rice husk, only a few were aimed as filler for dental uses [9, [12] [13] [14] .
In this study, new experimental FCs were fabricated from nanohybrid silica synthesised from rice husk using sol-gel method. Generally, FC is manufactured by reducing the filler content or increasing the diluent monomer [15] . The latter method is applied in this study to obtain the desired flowability of the FC by diluting bisphenol A-glycidyl methacrylate (Bis-GMA) monomer with triethylene glycol dimethacrylate (TEGDMA) monomer resulting in three experimental FCs.
To this date there are no known commercial FCs that have incorporated nanohybrid silica from rice husk in their products. Therefore, the aim of this paper is to fabricate experimental FCs by incorporating nanohybrid silica from rice husk and to evaluate their physical and mechanical properties in comparison to a commercial FC, Revolution Formula 2. Additionally, the dilution effect of the experimental FCs on their physical and mechanical properties was also studied. It is hoped that the experimental FCs utilising the nanohybrid silica from rice husk can offer a potential sustainable greenbased product in dentistry.
2.
Materials and methods
Fabrication of experimental FCs
Experimental FCs from rice husk were fabricated according to the steps illustrated in Fig. 1 . Bis-GMA (Esstech Inc., USA) as the base monomer was manually mixed with TEGDMA (Esstech Inc., USA) as the diluent at different mass ratio. A pilot study has been done to optimise the desired flowability in which three ratios were selected to further undergo physical and mechanical properties test. These three experimental FCs were EF50B, EF45B and EF40B which contained Bis-GMA and TEGDMA at ratio of 50:50, 45:55 and 40:60 respectively and 0.5 wt.% of camphorquinone (CQ) and 2-(dimethylamino)ethyl methacrylate (DMAEMA) (Merck, Germany) were added to the mixture. Nanohybrid silica from rice husk was incrementally added and mixed thoroughly to make a homogenous paste. The nanohybrid silica was synthesised according to the step illustrated by Noushad et al. [16] . Then the paste was kept in a 1 mL disposable syringe (Terumo Corporation, To kyo, Japan) and wrapped with aluminium foil. The composition of all the studied FCs is shown in Table 1 .
Characterisation of the nanohybrid silica
The size and morphology of the nanohybrid silica used in this study was investigated using scanning electron microscope, SEM (Quanta FEG 450, FEI) operating at 5 kV under low vacuum.
Specimens preparation
Cylindrical specimens (n = 8 for each studied group) for surface roughness and Vickers hardness test were prepared in acrylic mould (5 mm × 2 mm) while for compressive test, the specimens were prepared in split stainless-steel mould (4 mm × 6 mm). Mylar strip and a glass slide were positioned on top of the specimens and a slight pressure was applied to remove the excess material. Specimens were light cured using a light curing unit (Elipar TM S10 LED, 3M ESPE, USA) at the top surface for 40 s. Only for compressive test, the specimens were loaded in three 2 mm incremental layer as recommended by most resin composite manufacturers and each layer was light cured for 40 s. All the specimens were polished using Soflex disc. Prior to the test, specimens were immersed in 37 • C distilled water for 24 h.
Surface roughness
The surface roughness of the specimens was measured using a two-dimensional surface profilometer (SURFCOM FLEX-50A, ACCRETECH, Japan). The cut off value, evaluation length and measure speed were set at 0.8 mm, 2 mm and 0.15 mm/s respectively. The roughness parameter was evaluated as the arithmetic mean of the sum of roughness profile value, Ra.
Surface morphology
Following surface roughness test, surface morphology of polished specimens from each group was examined using scanning electron microscope, SEM (Quanta FEG 450, FEI) operating at 5 kV under low vacuum.
Vickers hardness
The hardness of the specimens was tested using a Vickers hardness tester (Model VM 50, FIE, India) under 1 kg load for 15 s dwell time. Three indentations were made for each specimen.
Compressive strength and modulus
Compressive test was conducted using a universal testing machine (AG-Xplus, SHIMADZU, Japan). The load, crosshead speed and span were set at 20 kN, 1.0 mm/min and 4 mm respectively. The compressive strength, S c was calculated based on the following equation:
where P is the maximum force applied and d is the diameter of the specimens in mm. The compressive modulus was determined from the slopes of a straight line fit to the initial linear portion of the stress-strain curve.
Data analysis
Data were statistically analysed using IBM SPSS version 22. One-way ANOVA followed by Scheffe post hoc test were used to determine the difference in surface roughness, Vickers hardness, compressive strength and compressive modulus between the studied FCs. The significance level was set at p < 0.05.
Results and discussion

Characterisation of the nanohybrid silica
In this study, nanohybrid silica from rice husk was synthesised according to previous studies [14, 16] and subsequently used to fabricate the experimental FCs. Fig. 2 shows the SEM image of the nanohybrid silica. The micrograph confirmed the spherical and nanohybrid properties of the silica. The size of the nanohybrid silica was between 48 and 448 nm with mean and median diameter of 218 ± 97 nm and 208 nm respectively. It is categorised as nanohybrid silica because it comprises of varying sizes of nano (particle in the size of 1-100 nm) and micron (particle in the size of 100-1000 nm) silica. Nanoparticles tend to agglutinate if their surface is not treated [17] , and the agglutination may decrease the performance of the flowable composite as the particle tend to be bundles of particle in micron size instead of nanohybrid. To overcome this limitation, the nanohybrid silica used in this study was silanised using 3-(trimethoxysilyl) propyl methacrylate, ␥-MPS and consequently the occurrence of nanohybrid silica particles agglomeration had been reduced as shown in the micrograph (Fig. 2) . The findings on size and morphology of the nanohybrid silica in this study have been corroborated by the previous studies [14, 16] indicating that simple and non-toxic technique used to obtain the nanohybrid silica is reproducible. 
Surface roughness
The physical and mechanical properties of the experimental FCs were evaluated to ensure that this new product is comparable to the commercial product hence offering a potential sustainable marketable product. Fig. 3 shows the surface roughness of all the studied FCs. Statistical analysis by oneway ANOVA showed that there was no significant difference in surface roughness of the experimental FCs and Revolution -D) show the surface morphology of the studied FCs at low (10,000×) and high (1,00,000×) magnification respectively. All groups revealed a smooth homogenous surface texture with some matrix imperfections (Fig. 4(A-D) ). All the studied FCs had surface roughness less than 0.2 m indicating that no increase in bacterial accumulation should be expected below this value [18] . In dentistry, surface roughness is a crucial aspect as it depicts aesthetic value, wear resistance and longevity of a dental restoration. Moreover, a smooth restoration provides comfort to patients. There was no occurrence of large grooves or pits due to filler plucking in experimental FCs and Revolution Formula 2 which demonstrated good filler-matrix bonding shown in Fig. 5(A-D) . Grooves and pits may retain bacteria [19] . The dilution of Bis-GMA among the experimental FCs gave no significant effect on their surface roughness (p > 0.05).
Vickers hardness
Fig . 6 shows the Vickers hardness of the studied FCs and the values were in the range of 29-31 HV. Experimental FCs had slightly higher hardness than Revolution Formula 2, however one-way ANOVA revealed that there was no significant difference among them (p > 0.05). During mastication process, the first part to receive biting and chewing forces is the surface of the tooth or dental restorative material. If it fails to withstand the forces, crack may occur leading to the destruction of the materials. A high hardness value depicts a good indication for a material to withstand wear and abrasion. Experimental FCs had a comparable Vickers hardness to Revolution Formula 2, although their filler loadings were 10 wt.% lower than that of Revolution Formula 2. A few studies measured the Vickers hardness of several commercial FCs and they revealed that the result was in the range of 9. 25.3-55.3 HV [22] respectively which were corroborated with this study. The dilution of Bis-GMA among the experimental FCs gave no significant effect on their Vickers hardness (p > 0.05).
Compressive strength and modulus
Fig . 7 shows the compressive strength of the studied FCs. One-way ANOVA showed that there was significant difference in compressive strength of the experimental FCs and Revolution Formula 2 (p < 0.05). Experimental FCs had inferior compressive strength in comparison to the Revolution Formula 2 possibly due to some portions of the experimental FCs were partially cured. The phenomenon could be observed by the difference on the physical appearance of the experimental FCs and Revolution Formula 2 specimens after they were light cured prior to the compressive test as shown in Fig. 8(A-D) . The presence of light yellowish layers instead of white layers spotted on the lateral side of the experimental FCs specimen as shown in Fig. 8 (A) gave an indication of the possible partially cured sites. The yellow colour was believed to be the result of camphorquinone. On the contrary, the lateral side for Revolution Formula 2 specimen showed a homogenous colour as shown in Fig. 8(B) , indicating that it was completely cured. In addition, it was also observed that the stress-strain curves for the Revolution Formula 2 and experimental FCs were different. The stress-strain curve for Revolution Formula 2 was smooth as shown in Fig. 9(A) . On the other hand, the stress-strain curves for the experimental FCs as shown in Fig. 9 (B-D) were stacked and the three stacked peaks may represent the partially cured site of the three incremental layers on the experimental FCs specimen. The incomplete curing in experimental FCs was caused by the scattered, absorbed and refracted visible light [23, 24] due to the difference in refractive index of the nanohybrid silica and the monomers during the polymerisation process. As a result, the visible light was not sufficiently transmitted to each of the lower part of the incremental layers. Fig. 8(C) shows that the top view of the experimental FC is more whitish and opaquer compared to Revolution Formula 2 as shown in Fig. 8(D) . A study found that given the difference of refractive index of the filler and monomer is high, the cured composite will appear very white with strong opacity [25] . Based on the rule of mixture, the refractive indices of the experimental monomers were calculated according to the following equation:
where n M , n B and n T are refractive index of the monomer, Bis-GMA, TEGDMA, while v B and v T are volume fraction of Bis-GMA and TEGDMA respectively. The refractive indices of the Bis-GMA and TEGDMA monomers were obtained from the manufacturer. All the values were listed in Table 2 . From the calculation, the refractive indices of the experimental monomers were in the range of 1.500-1.510, much higher than the refractive index of nanohybrid silica (n = 1.458-1.464) that was estimated based on a study [26] . Although the compressive strength of the experimental FCs was limited by the partially cured effect, we believed this shortcoming can be further improved. If the degree of curing depth can be improved, they could pose comparable or better strength as shown by the Vickers hardness results. The Vickers hardness test was performed on the top surface of the FCs where usually it is well cured [27] . Therefore, in future study and to overcome the problem it is suggested that the refractive index of the nanohybrid silica and the matrix should be matched by replacing the Bis-GMA with monomer that has closer refractive index to the nanohybrid silica for example, urethane dimethacrylate (UDMA) [28] . In addition, a dual cure experimental FCs can be another solving alternative as the lower part of the incremental layers can be polymerised chemically [29] . Unlike roughness and hardness which is a function of surface, compressive strength test revealed the bulk mechanical strength of the tested FCs where not only compression stress was involved but also tensile and shear stresses as well [30] . During mastication, the complex masticatory stresses (compressive, tensile and shear) occur throughout the whole dental restoration. Thus, a restorative material needs to be able to withstand all the aforementioned stresses. Comply within the acceptable value, the compressive strength of the experimental FCs were in the acceptable range which is within 210-300 MPa [31] , hence they are suitable for clinical use. Fig. 10 shows the compressive modulus of all the studied FCs. The compressive modulus of the experimental FCs was higher than Revolution Formula 2 but no statistically significant difference was detected (p > 0.05) except for EF50B. The compressive modulus depicts the stiffness or rigidity of the FCs within their elastic range. It is depended on the fundamental property of the material namely the intermolecular forces [32] . The stronger the intermolecular forces, the higher the compressive modulus value and the stiffness of the FCs. From the result, it was believed that the interaction of the intermolecular forces of the filler to filler and filler to matrix in experimental FCs was higher than Revolution Formula 2. This is possible as the spherical and nanohybrid silica in experimental FCs was ought to increase their packing density and volume fraction [33] to form a network of highly effective contact surface area as the nano silica fill the interstitial space between the micron silica [34] . Consequently, the experimental FCs were more elastic as force was transmitted and distributed evenly across the material by such interactions. The dense surface structure of experimental FCs as shown in Fig. 4 (B-D) may verify their packing density. In comparison, Revolution Formula 2 has irregular shape filler as shown in Fig. 4 (A) and this is supported by other findings [21, 35] , which may restrict its packing density. The dilution of Bis-GMA among the experimental FCs gave no significant effect on their compressive strength and modulus (p > 0.05). 
Conclusion
Nanohybrid silica from rice husk has been used to fabricate experimental flowable composites (FCs). The experimental FCs demonstrated surface roughness and Vickers hardness comparable to Revolution Formula 2. Compressive strength test revealed that experimental FCs were inferior to Revolution Formula 2, however they have passed the minimum requirement for compressive strength. The compressive modulus of experimental FCs was higher as compared to Revolution Formula 2. The dilution of the Bis-GMA with TEGDMA among the experimental FCs did not significantly affect their physical and mechanical properties. Based on the results, the experimental FCs from rice husk can be a potential sustainable product in dentistry with acceptable physical and mechanical properties.
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